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ENGINEERING COLLEGE 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
229 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 90332 
	 October 10, 1968 
U. S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
Attn: 	AMSMI-RSD 
Subject: 	Monthly Progress Report # 1  
Contract # DAAH01-69-C-0296 for period September 1-30, 1968 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
Gentlemen: 
During the subject period a literature survey has been conducted and 
some of the available literature has been obtained or ordered. With the 
available trajectory data the steady state free surface elevation has been 
determined for various flight times, in order to see the effect of the 
longitudinal acceleration and centrifugal acceleration of the missile upon 
the free propellant surface shape. With these results the accuracy of the 
approximations for the natural frequencies of the liquid can be checked. 
No difficulties have been encountered. 
Sincerely yours, 
Helmut F. Bauer 
Professor 
HFB:ps 
cc: AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
Monthly Cost Report 	 Month of: September, 1968 
  
Project Title: 	"Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model" 
• 
B-903 	Contract No: DAAH01-69-C-0296 	Project Director: Dr. H. F. Bauer 
U. S. Army Missile Command, Redstone Arsenal, Alabama 
Project No: 
Sponsor: 
FOR MONTH TO DATE 
Project Director 15 15 
Manhours Expended: Graduate Assistants 
Funds Expended: 
Personal Services $486.11 $486.11 
Material and Operating Expenses - 
Travel 
Computer Use Charges 
Overhead 277.08 277.08 
Total Funds Expended $763.19  $763.19 
Percentage of Work Completed: 2% 2% 
NOTE: Although fall quarter began September 23 and there 
was only one week's work involved, the Georgia Tech 
accounting system uses four salary checks for each quarter. 






SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
225 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 
	 November 6, 1968 
U.S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
Attn: 	AMSMI-RSD 
Subject: 	Monthly Progress Report #2  
Contract # DAAH01-69-C-0296 for period October 1-31, 1968 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
Gentlemen: 
During the subject period the hydrostatic problem of a :Tinning annular 
cylinder with a bottom and top has been completely solved for the vari-
ous liquidheights and angular frequency ranges. It was found that there 
are two basic liquidheight ranges, h 	H/2 and h 	H/2, h being liquid 
height and 11 being the container height, and that there also are three 
basic ranges for the angular velocity Q to each of these liquidheight 
ranges. The free liquid surface elevation was derived for each of 
these ranges. Also, the steady state free liquid surface elevation 
for some flight times of the missile at consideration had been completed. 
Furthermore the problem of forced oscillations of the rotating liquid 
in an annular container for small angular velocity has been formulated. 
Difficulties shall occur in the determination of the natural frequencies 
of the liquid, if 0 0 is not considered small. 
Sincerely yours, 
Helmut F. Bauer, Professor 
HFB:jv 
cc: 	AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
FOR 1,10NTII 
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=CIA E:STITUTE OF TECIL:OLOGY 
Schr1 c 	neertng Science aitd :.!echanics 
r ;t and Performance Report # 2 month of: October, 1968 
    
Project Tftle: 	"Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model" 
Projcct ND: B-903 Contract No: DAAH01-69-C-0296 Project Director: Dr. H. F. Bauer 
     
      
Sponsor: U. S. Army Missile Command, Redstone Arsenal, Alabama 
  
       
       
Pr.)iect Director 
ENGINEERING COLLEGE 
GEORGIA INSTITUTE OF TECHNOLOGY• 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
225 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 20332 
U.S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
Attention: 	AMSMI-RSD 
December 9, 1968 
Subject: 
Gentlemen: 
Monthly Progress Report #3  
Contract # DAAH01-69-C-0296 for period November 1-31, 1968 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
During the subject period the free oscillation and natural frequencies of the 
liquid in the spinning container have been treated for the case I and III, i.e. 
the case where the ratio QP2g is large enough, that the undisturbed free liquid 
surface is at rte. The liquid elevation above the undisturbed free surface, 
the pressure-distribution, the liquid force in x-direction and liquid moment 
about the y-axis have been analytically obtained for the free oscillation case. 
On November 21, 1968 a meeting was held at the U. S. Army Missile Command, 
Redstone, Alabama at Mr. Goessling's office, where the progress of the project 
has been reported. Due to the, fact of malorientation of propellant at reduced 
thrust, if was recommended to place a baffle of proper width at a proper height 
in the container to avoid the migration of the monies portion of the remaining 
propellant to the forward bulkhead of the tank. Theoretical investigations are in 
progress. 
It was agreed upon that most of the lengthy computation of the problem of slosh- 
ing in spinning containers could be performed at the U. S. Army Missile Command. 
Sincerely yours, 
HelMu1% Bauer, Proessor 
HFB:jv 
cc: 	 AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
GEORGIA INSTITUTE .OF TECHNOLOGY 
School of Engineering Science and Mechanics' 
REVISED  
Monthly Cost and Performance Report #  2 
 
Month of: October , 1968 
     
Project Title: "Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model" 
  
  
Project No: B-903 	Contract No: DAAHO1-69-C-0296 Project Director: Dr. H. F. Bauer 
      
Sponsor: U.S. Army Missile Command, Redstone Arsenal, Alabama 
  
FOR MONTH TO DATE 
Project Director 58 73 
Manhours Expended: Graduate Assistants 116 116 
Funds Expended: 	 . 
Personal Services $ 	956.11 $1,442.22 
Material and Operating Expenses 
Travel 
Computer Use Charges 
Overhead 544.98 822.06 
Total Funds Expended $1,501.09 $2,244.28 
Percentage of Work Completed: 8%  6% 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
Monthly Cost and Performance Report # 	 Month of: November, 1968 
Project Title: 	"Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model" 
Project No: 	B-903 	Contract No: DAAH01-69-C-0296 	Project Director: Dr. H. F. Bauer 
Sponsor: U.S. Army Missile Command, Redstone Arsenal, Alabama 
FOR MONTH TO DATE 
Project Director 58 131 
Manhours Expended: Graduate Assistants 116 232 
, 	. 
Funds Expended: 	 • 	• 
Personal Services $ 	956.11 $2,378.33 
. , 
Material and Operating Expenses 	 . . 
Travel 
Computer Use Charges 
Overhead 	(57% of Personal Services) ___SAA-.98 	:. 1,367.04 
Total Funds Expended $1,501.09 $3,745.38 
Percentage of Work Completed: 6% 14% 	
. 
Proidct DTrector 
• - 	1*. 
GEORGI 6 e. 	 E OF TECH N 0 LOG Y 
NtIv 2 i 1970 
January 9, 1969 
R ist 
ENGINEERING COLLEGE 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
215 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 
U.S. Army Missile Command 




Monthly Progress Report #4  
Contract #DAAH01-69-C-0296 for period December 1-31, 1968 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
During the subject period the liquid surface elevation in a container with a 
conical top was investigated. This was performed in view of the fact that a 
conical baffle may be introduced into the tank in order to avoid malorienta-
tion of the propellant at low and negative longitudinal acceleration. The 
free surface elevation for such a system was also determined for various 0
o
-values. 
Furthermore an approximate free surface condition for the case where the 
surface elevation is such, that ,t,he free' liquid surface condition can be 
neither satisfied at z Pe, h for 0 4o/2g << 1 nor for r = c for very large 0o - 
values, has been formulated. 
Sincerely yours, 
Helmut F. Bauer, Professor 
HFB:jv 
cc: 	 AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
ENGINEERING COLLEGE 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
225 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 
U.S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
February 4, 1969 
Attention: 	AMSMI-RSD 
Subject: 	Monthly Progress Report #5  
Contract #DAAH01-69-C-0296 for period January 1-31, 1969 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
Gentlemen: 
During the subject period the free oscillation case has been completed for 
region I and III. The equations for the Eigenvalues have been derived and 
presented to the Computation Laboratory of the U.S. Army . Missile Command 
Redstone Arsenal. 
Furthermore the liquid forces and moments for the elliptic and hyperbolic 
cases for region I and II have been determined. 
Some thought has been given to the representation of the liquid motion by a 
mechanical model. On January 30 and 31, 1968 a meeting was held at the U.S. 
Army Missile Command, Redstone Arsenal, Alabama at Mr. Goessling's office, 
where the progress of the project has been reported. Present at the meeting 
were: 
H. F. Bauer, School of Engineering Science and Mechanics, Ga. Tech 
F. Goessling, U. S. Army Missile Command 
W. Nash, U. S. Army Missile Command 
J. Sofferis, U. S. Army Missile Command 
W. Martin, U. S. Army Missile Command 
D. H. Dahlene, U. S. Army Missile Command 
The programming of the determinants of Bessel Functions and modified Bessel-
functions for the determination of the roots 	and the natural frequency of 
the liquid in the spinning container has been ffscussed for the various cases 
and regions. Furthermore the progress of the projeFt was reported, where also 
the location of the conical baffle and its width was presented, in order to have 
during the drastic acceleration change a certain amount of fuel in a proper location. 
The test-model was inspected and its transportation to the School of Engineering . 
 Science and Mechanics of Georgia Institute of Technology was discussed and agreed 
upon. 
U. S. Army Missile Command 	 -2- 	 February 4, 1969 
Analytical Difficulties that occur in the treatment of forced fuel oscillations 
have been explained. 
Sincerely yours, 





AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-1WD - 1 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics`` 
Monthly Cost and Performance Report B 5 	. Month of: January, 1969 
Project Title: 	"Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model"  
Project No: 	B-903 	Contract No: 	DAAH01-69-C-0296 	Project Director: 	Dr. H. F. Bauer 
Sponsor: U.S.  Army Missile Command, Redstone Arsenal, Alabama 
    
•■• 
FOR MONTH TO DATE 
Project Director 58 247. 
Manhours Expended: Graduate Assistants 116 464  
Funds Expended: 
Personal Services $ 	985.74 $4,349.79 
Material and Operating Expenses 
Travel 
Computer Use Charges 
Overhead 561.86 2,490.76 
Total Funds Expended $1,547.60 $6,840.55 
Percentage of Work Completed: 10% 30% 
ENGINEERING COLLEGE 
.R G 1 A .\STi -,—JTE: OF 'TECHNOLOGY. 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
 
225 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 March 5, 1969 
  
u.S. Army Missile Command 






Monthly Progress Report #6  
Contract #DAAH01-69-C-0296 for period February 1-28, 1969 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
During the subject period the spin-up problem has been investigated and the basic 
equation of motion for an infinitely long cylinder has been derived. Also the 
problems of liquid impact have been treated. From an experimental investigation 
performed by NASA and reported in NASA-TN-D-2913 entitled "Experimental Investi-
gation of Liquid Impact in a Model Propellant Tank," the following conclusions 
may be reached by extrapolating the results of the experiments to a spinning 
container: 
1. The flow pattern of the spinning liquid is such that it shall due to 
its initial spinning orientation travel up the walls of the container and hit the 
tank dome, where most of the impact shall be acting at the outer annulus of the 
=ank dome. 
2. The impact force depends upon the relative acceleration of the tank at 
the time of impact. 
3. If the tank deceleration is greater than (g), then the impact force 
exhibits a smaller value than the hydrostatic load. Thus, if the tank dome and 
bottom are designed to withstand hydrostatic loads for the acceleration history 
of the missile, the loads resulting to tank deceleration should not result in 
excessive impact loads. 
A film depicting the experimental results has been obtained from NASA and shall 
be shown at the next project meeting in the last week in March. 
Sincerely yours, 





AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
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GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
Monthly Cost and Performance Report # 6 	. Month of: 	February, 1969 
Project Title: 	"Dynamics  of Propellant in a Spinning Container and Description  and a  Mechanical Model" 
Project No: B-903 	Contract No: 	DAAHO1-69-C-0296 	Project Director: 	Dr. H. F. Bauer 
      
Sponsor: 	 U. S. Army Missile Command, Redstone Arsenal, Alabama 
,This travel has not been reported previously, although $80 of this 
amount was during the month of November and $74.73 was during the 
month of January. 
Project Diitor 
ENGINEERING COLLEGE 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
225 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 April 4, 1969 
U. S. Army Missile Command 




Monthly Progress Report #7  
Contract #DAAH01 for period March 1-31, 1969 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
During the subject period the free oscillation case has been completed. All 
liquid forces, liquid moments pressure distributions and free liquid surface ele-
vations have been completed and analytically derived. For large angular spin fre-
quency Do no liquid force in x- and y-direction is present, while for the liquid 
force in longitudinal direction of the missile only the symmetric mode m=0 con-
tributes. Some further thought has been given to the forced oscillation case. 
It is assumed that only the lower modes or lowest mode will considerably contribute 
to the dynamics of the vehicle. In the light of this the function r/a shall be 
expanded into the Eigenfunctions. The series shall then be truncated and the various 
terms shall be determined to see whether the amplified method shall yield good results. 
A project meeting took place on March 27, and March 28, 1969 in Mr. Goessling's 
office. The computer program for the determination of the roots rnri, and E mn has been 
discussed in great length. Furthermore the film depicting the experimental results 
of NASA, as reported in NASA-TN-D-2913, entitled "Experimental Investigation of 
Liquid Impact in a Model Propellant Tank" has been shown. 
Sincerely yours, 
HPB:ps 
cc: AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
Helmut F. Bauer 
Professor 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
Monthly Cost and Performance Report it 	7 Month of: 	March, 1969 
Project Title: "Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model"  
  
Project No: B-903 	Contract No: DAAH01-69-C-0296 Project Director: Dr. H. F. Bauer 
 
       
Sponsor: U. S. Army Missile Command; Redstone Arsenal, Alabama 
  
FOR MONTH TO DATE 
Project Director 58 363 
Manhours Expended: Graduate Assistants 116 696 
Funds Expended: 
Personal Services •$ 	985.74 $ 	6,321.27 
Material and Operating Expenses 
Travel 62.67 217.40 
Computer Use Charges 
Overhead 561.86 3,614.48 
Total Funds Expended $1,610.27 $10,153.15 
Percentage of Work Completed: 8% 48% 
Project Director 
ENGINEERING COLLEGE 
GEORGIA INSTITUTE OF TECHNOLOGY 
OOL OF ENGINEERING SCIENCE 
AND MECHANICS 
225 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 
	 May 5, 1969 
U. S. Army Missile Command 




Monthly Progress Report #8  
Contract #DAAH01 for period April 1-30, 1969 
"Dynamics of Propellant in a Spinning Container and Description 
by a Mechanical Model." 
During the subject period the determination of the longitudinal liquid force 
F z has been completed.for the free oscillation case. For all spin-frequency 
ranges C2 it was found, that the liquid force in longitudinal direction 
,., xhibitea values for sloshing only in the symmetric liquid mode m = 0. 
orthogonality of the Eigenfunctions has been proved and the forced 
oscillation case has beep. started. The function r/a can now be expanded, 
and the acceleration potential for an excitation of the form x cos ,'fit
Owhere x is the amplitude of the forcing function and Q is the circular 
-;)rcing 2requency)has been derived. For this investigation the free surface 
,:.nd-tion (for the forced case) had to be determined. The acceleration 
potential for all other spin-frequency ranges no as well as for the elliptic 
and hyperbolic cases shall be treated in the next period. Also pressure dis-
cribution, liquid forces and moments, as well as the liquid surface elevation 
shall be derived. 
Sincerely yours, 
Helmut F. Bauer 
Professor 
HFB:jv 
cc: AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
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GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
Monthly Cost and Performance Report # 8  Month of: April, 1969 
    
Project Title: 	"Dynamics of Propellant in a Svinning Container and Description and  a Mechanical Model" 
Project No: B-903 	Contract No: 	DAAH01-69-C-0296 	Project Director: 	Dr. H. F. Bauer 
        
Sponsor: 	 U. S. Army Missile Command; Redstone Arsenal, Alabama 
Projc, 	:ctor 
ENGINEERING COLLEGE 
GEORGIA INSTITUTE OF TECHNOLOGY 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
125 NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 
U. S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
Attention: 	AMSMI-RSD 
May 27, 1969 
Subject: 
Gentlemen: 
Monthly Progress Report #9  
Contract #DAAH01-69-C-0296 for period May 1-31, 1969 
"Dynamics of Propellant in a Spinning Container and 
Description by a Mechanical Model." 
During the subject period the translationally forced oscillation case has 
been solved for the spinning region I. Previous results were wrong, since 
the excitation was applied in the tank-fixed system. The acceleration 
potential has now been divided into two parts of which one represents a 
wave of frequency (0--00) in positive angular direction, and where the other 
is a wave of frequency (042 0 ) in negative angular direction. The equations 
were solved for an inertial coordinate system, in which the spinning con-
tainer was excited by u = U cos (po t + 8) cos Qt. For both wave forms the 
elliptic and hyperbolic differential equations had to be solved, i.e. we 
have to distinguish the forcing-frequency ranges: 
1) 0 >00 (as obtained from M 0 < U + 00 ) 
elliptic case 
2) S2 > 300 (as obtained .from 20 0 < 0 - 00 ) 
3) S2 < n o (as obtained from 200 >0 + 00 ) 
4) Q < 30 0 (as obtained from 20 0 > ° - no ) 
In order to cover the forcing frequency range U we have to consider the first 
range (0 s S2 5 0 0 ), in which both waves are solutions of the hyperbolic case, 
then the frequency range 0 0 s Q < 3S2 , where the (0+0 0 ) -wave is obtained from 
the solution of the elliptic case ana the second wave (ntao ) from the hyper- 
bolic case. The following frequency range 0>30 0 , but 02/4g small, is obtained 
from the solution of both (0+0 0 ) the elliptic differential equations. 
The procedure of obtaining response curves is based on a lengthy computational 
process, since for each U and no new eigenvalues have to be determined from 
the determinant (59), where w is substituted by CI + U. 
Hyperbolic case 
U.S. Army Missile Command 	 -2- 	 May 27, 1969 
In a project meeting, held in Mr. Goessling's office on May 12, 1969 at the 
U.S. Army Missile Command, Redstone Arsenal, Alabama, the progress to that time 
has been reported and the difficulty encountered in the forced oscillation 
case had been explained. Further discussion about the eigenvalues and the 
natural frequencies took place with Mr. W. Neale and Mr. J. Sofferis. 
Sincerely yours, 
H. F. Bauer, Professor 
HFB:jv 
cc: 	AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 





"Dynamics of Propellant in a Spinning Cnntainpr and npseription and a Wchanical Model" 
B-903 	Contract No: 	DAAH01-69-C-0296 	Project Director: Dr. H. F. Bauer 





Project Director 115 536 
Manhours Expended: 	Graduate Assistants 144 984 
Funds Expended: 
Personal Services $1,566.49 $ 8,938.50 
Material and Operating Expenses 
Travel 68.86 286.26 
Computer Use Charges 
Overhead 892.90 5,106.30 
Total Funds Expended $2,528.25 $14,331.06 
Percentage of Work Completed: 14% 69% 
Project Director 
ENGINEERING COLLEGE 
GEORGIA IN ,p'.,771 , T 	OF TECHNOLOGY 
1
/(9'/IJL: 







U. S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
Attention: 	 AMSMI-RSD 
Subject; 
Gentlemen: 
Monthly Progress Report #10  
Contract #DAAH01-69-C-0296 for period June 1-30, 1969 
"Dynamics of Propellant in a Spinning Container and 
Description and a Mechanical Model." 
During the subject period the pressure distribution, velocity distribu-
tion, liquid force, liquid movement as well as the free liquid surface elevation 
about the stationary spinning surface have been obtained analytically and evalu-
ated. This was performed for the case of small spin-frequency no , i.e., small 
n 2i4g< 1, for the elliptic and hyperbolic case. The velocity distribution inside 
the container was included in the analysis for reasons of possible baffling of 
the container if necessary for dynamic stability considerations. The baffle 
has its largest effect there where the velocity of the liquid exhibits large 
values. 
The result of the analysis was presented in written form, where the ac-
celeration potential for all the above-mentioned cases was given. 
In a letter, computations for the sloshing frequency during the accelerating 
actual flight phase were requested, andthe necessary data for the numerical work 
were presented. Other natural frequency computations were also requested to find 
the effect of liquid height and spin-frequency/acceleration upon the slosh fre-
quencies. In a project meeting on June 25, 1969 at the U. S. Army Missile Command, 
Redstone Arsenal, Alabama, the progress to that time has been reported and the 
analytical expressions for the liquid-moment, pressure and velocity distribution, 
as well as the free liquid surface elevation have been presented for numerical 
evaluation. 
Sincerely, 
H. F. Bauer 
Professor 
HFB:mw 
cc: 	AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
223 NORTH AVENUE, N.W. 
ATLANTA, GEORG IA 30332 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 




"Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model" 
B-903 	Contract No: 	DAA1101-69-C-0296 	Project Director: 	Dr. H. F. Bauer 
U. S. Army Missile Comml , d - Redstone Arsenal, Alabama 
FOR MONTH TO DATE * 
Project Director 115 651 
Manhours Expended: Graduate Assistants 144 1128 
. 
Funds Expended: 
Personal Services $3,629.47 ** $12,587.47 
Material and Operating Expenses 0 
Travel 97.05 383.31 
Computer Use Charges 0 
Overhead 2,068.80 7,174.85 
Total Funds Expended,  $5,795.32 $20,145.63 
Percentage of Work Completed: 14% 83% 
* and **: See Reverse Side. 
	-__1- 	 
ect Director 
SCHOOL. OF ENGINEERING SCIENCE 
AND MECHANICS 
sas NORTH AVENUE, N.W. 
ATLANTA. GLORGIA 	 
U.S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
GEORGIA INSTITUTE OF TECHNOLOGY 
( 
Noli 	, iL i-j 
4970 July 31, 1969 
ENGINEERING COLLEGE 
Attention: 	 AMSMI-RSD 
Subject: Monthly Progress Report #11  
Contract #DAAH01-69-C-0296 for period July 1-31, 1969 
"Dynamics of Propellant in a Spinning Container and 
Description and a Mechanical Model." 
Gentlemen: 
During the subject period the forced oscillat;s ons of liquid for the 
case of very large spin-frequency 20 (i.e., when O0/4g>>1, such that the 
liquid surface is nearly vertical) has been investigated. It is found 
that this problem can not be treated by the same procedure as was used for 
the case of small value§ of spift-frequency no , Therefore, further iftvegti-
gation is being undertaken now. 
The numerical results of sloshing frequencies w mn during the acceler- 
ating actual flight phase have been listed and plotted as shown in Table 1 
and Figures 1,2. With the spinning frequency ao as a parameter, some 
numerical results of sloshing frequencies w mn for different liquid heights 
have been listed and plotted, as shown in Tables 2-8 and Figures 3-11. 
Examination of Figures 1,2 shows that the values of sloshing frequencies 
wmn have strongly changed during the actual flight time interval from. 
t=2 sec to t=4 sec. Particularly, the frequencies of frequencies of w11, 
w12, wi3 are increasing quite largely during that interval; however, w21, 
1022, 0)23 are increasing sharply from t=2 sec until t=3 sec then decreasing 
again as shown in Figure 1. In Figures 3-11 we can see that the sloshing 
frequencies wmn are almost independent of the liquid height when the ratio 
of liquid height h (at the static equilibrium position) over the tank 
radius a (i.e., h/a)is larger than 1. It is of interest to note that for 
h/a>l, the sloshing frequencies 1001, w02, w03 (symmetric modes) are inde-
pendent of the spinning velocities 00 (at least for 00=0 to 0 0=3.0). 
I would like to have the results of the numerical work as requested 
in the last meeting on June 25, 1969, to compute liquid forces, and moments 
(as well as liquid elevations) for the case of forced oscillations of 
liquid under small values of 00 (both elliptic and hyperbolic cases) if 
they are available. 
Sincerely yours, 
/ 	 _ 
Helmut F. Bauer, Pro‘tessor 
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Monthly Progress Report #12  
Contract #DAAH01 for period August 1-31, 1969 
"Dynamics of Propellant in a Spinning Container and 
Description by a Mechanical Model." 
During the subject period, for the case of small spinning frequency c/ o , 
i.e., C.2/4g<<1, the response of the liquid in the container to forced pitching 
excitation about the y-axis of the inertial system was determined. According 
to the traveling waves in the same direction as the rotation of the system and 
those in opposite direction of the rotation, the acceleration potential was 
split up into two parts, for which the solutions for the elliptic and hyperbolic 
cases were determined. Pressure distribution and velocity distribution in the 
liquid, as well as liquid force, moment and free surface elevation, were deter-
mined. This concludes the theoretical investigation of the liquid behavior for 
small c2g/4g, which is applicable to the first flight phase. The forced oscil-
lations for the case of very large spin-frequency no (i.e., when c2 /4g»1, such 
that the liquid surface is nearly vertical) were determined in the sense of 
two-dimensional problem. If the force of gravity is neglected, the two dimen-
sional waves might constitute a good approximate description of the liquid 
motions for this case. 
The numerical results which were enclosed in a letter from Mr. John 
Sofferis (refer to AMSMI-KOCS) have been checked roughly by using mathematical 
tables and calculator. It was found that these numerical results (one by com-
puter, the other one by calculator) were in a good agreement. For the free 
oscillation case, as we can see from equations (69) and (70), the values of F x 
 and M are dominated by the hyperbolic functions of s ne and cosine, so the 
coefficients of Fx and My as requested will not converge. However, from physi-
cal point of view, we know that F x and My should have a finite value. For 
convenience of evaluation of such coefficients of F x and My a modification of 
equations (69) and (71) has been made in such a way that the series in equations 
(69) and (71) are divided by cosh (i n h/a) for each n. This is permissible 
since Ai n and Bin in equations (69) and (71) are unknown constants which will be 
determined by initial conditions. Similarly, in equations (80) and (81) the 
same modification will be made. Please refer to attached copies. 
Sincerely yours, 
'Helmut F. -Bauer, Professor 
HFB:ps 
cc: AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
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GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
Monthly Cost and Performance Report # 12 Month of: August, 1969 
   
Project Title: 	"Dynamics of Propellant in a Spinning Container and Description and a Mechanical Model" 
Project No: B-903 	Contract No: 	DAAH01-69-C-0296 Project Director: Dr. H. F. Bauer 
       
Spoasor: U. S. Army Missile Commands Redstone Arsenal,  Alabama 
 
  
FOR MONTH TO DATE 
Project Director 115 * 766 
Manhours Expended: Graduate Assistants 115 1,358 
Funds Expended:  
Personal Services $445.00 $13,477.47 
Material and Operating Expenses 0 
Travel 49.87 433.18 
Computer Use Charges 
Overhead 253.65 7,682.15 
Total Funds Expended $748.52 $21,592.80 
Percentage of Work Completed: 2% 87% 
* Project Director, Dr. Bauer, is not on project payroll during 
summer quarter, but is—icivping up wih the,gork of the project 
on his own time. 
Prnipot- 
sae NORTH AVENUE, N.W. 
ATLANTA, GEORGIA 30332 
U.S. Army Missile Command 
Redstone Arsenal, Alabama 35809 
Attention: 	AMSMI-RSD 
ENGINEERING COU.1 04 
GEORGIA INSTITUTE;OF TECHNOLOGY 
SCHOOL OF ENGINEERING SCIENCE 
AND MECHANICS 
October 8, 1969 
Subject: 
Gentlemen: 
Monthly Progress Report #13  
Contract #DAAH01 for period September 1-30, 1969 
"Dynamics of.Propellant in a Spinning Container and 
Description by a Mechanical Model." 
During the past period the mechanical model for the description of 
the liquid motion in the region 4/4g‹<1 has been derived. The model 
conaista of a non-sloshing masa m0 with the moment of inertia dyad 
/1 	0 	0 \ xx 
0 I 0 
\ 0 	
YY 
0 	I I 
zz 
where Ixx = Iyy, and of sloshing masses m n connected with springs kn . The 
introduction of damping was performed by adding linear dash pots to the 
sloshing masses. With the help of the Lagrange Equations the equations 
of motion of the mechanical model have been derived and yield the force 
equation, the moment equation and two times an infinite number of slosh 
equations. 
Sincerely yours, 
Helmut F. Bauer, Professor 
HFB:ps 
cc: AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
Monthly Cost and Performance Report # 13 	 Month of: September, 1969 
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U. S. Army Missile Command; Redstone Arsenal, Alabama 
FOR MONTH -, TO DATE 
Project Director 115 * 881 
Manhours Expended: Graduate Assistants 115 .. 	1,473 
. . 
Funds Expended: — 
Personal Services 	. ' $1,443.18 $14,920.65 
Material and Operaing Expenses _ 
Travel 62.04 ** 495.22 
Computer Use Charges • 
Overhead 822.61 8,504.76 
Total Funds Expended , $2,327.83. $23,920.63 
Percentage of Work Completed: 9% - 	96% 
*Project Director performed part of this work on his own time, and was 
only paid for two weeks during the summer quarter, these two weeks 
being the last two weeks of September, 1969. 
**Net amount. $12.72 adjustment on August trip. Project erector 
November 3, 1969 SCHOOL OF ENGINEERING SCIENCE 
(0 '14?ECEIVE:1) 
14 0 2 1970 
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Monthly Progress Report #14  
Contract #DAAHO1 for period October 1-31, 1969 . 
"Dynamics of Propellant in a Spinning Container and 
Description by a Mechanical Model." 
During the subject period the mechanical model for the description of 
the liquid motion in a rotating container was completed. The mechanical 
values were determined. The formulas have been sent to Mr. Neale for nu-
merical evaluation. Furthermore, some of the computer results have been 
discussed with Mr. Sofferis from the Army Computer Center, Redstone Arsenal, 
Alabama. 
In addition, final report is now being written. 
Very truly yours, 




AMSMI-RSD - 2 
AMSMI-RSP - 1 
AMSMI-IWD - 1 
GEORGIA INSTITUTE OF TECHNOLOGY 
School of Engineering Science and Mechanics 
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